It is unclear what neural processes induce individual differences in perceptual organization in different modalities. To examine this issue, the present study used different forms of bistable perception: auditory streaming, verbal transformations, visual plaids, and reversible figures. We performed factor analyses on the number of perceptual switches in the tasks. A 3-factor model provided a better fit to the data than the other possible models. These factors, namely the ''auditory,'' ''shape,'' and ''motion'' factors, were separable but correlated with each other. We compared the number of perceptual switches among genotype groups to identify the effects of neurotransmitter functions on the factors. We focused on polymorphisms of catechol-O-methyltransferase (COMT) Val 158 Met and serotonin 2A receptor (HTR2A) -1438G/A genes, which are involved in the modulation of dopamine and serotonin, respectively. The number of perceptual switches in auditory streaming and verbal transformations differed among COMT genotype groups, whereas that in reversible figures differed among HTR2A genotype groups. The results indicate that the auditory and shape factors reflect the functions of the dopamine and serotonin systems, respectively. Our findings suggest that the formation and selection of percepts involve neural processes in cortical and subcortical areas.
Introduction
We perceive the world as stable, although sensory inputs are often ambiguous due to spatial and temporal occluders. This raises an important question regarding how stable percepts are formed in the brain. Bistable perception phenomena provide us with clues enabling us to investigate that issue because constant physical stimulation leads to spontaneous switching between different stable percepts. Although in the past, the formation and selection of percepts have been investigated with binocular rivalry, reversible figures, and visual plaids in the visual domain (Kleinschmidt et al. 1998; Tong et al. 1998; CasteloBranco et al. 2002; Haynes et al. 2005; Wunderlich et al. 2005) , more recently, they have been studied with auditory streaming and verbal transformations in the auditory domain (Gutschalk et al. 2005; Kashino 2007, 2009; Schadwinkel and Gutschalk 2011) . However, individual variation in perceptual switching has been overlooked in favor of averaging differences to focus on stimulus-specific commonalities.
An early study found a wide range of individual differences in the rate of binocular rivalry (Pettigrew and Miller 1998) , where monocular images are presented to different eyes. The authors also pointed out that the rate of binocular rivalry is slow in patients with bipolar disorder, which is strongly heritable. This suggests that genetic factors influence the formation and selection of visual percepts. A large-sample twin heritability study has demonstrated that an approximately 50% variance in binocular rivalry rate is accounted for by additive genetic factors (Miller et al. 2010) . In addition, a recent twin study confirmed that genetic factors affect the switching rate of the reversible figure as well as that of binocular rivalry (Shannon et al. 2011 ). These findings indicate that there is a substantial genetic contribution to bistable perception, particularly in the visual domain. However, it is unclear what neural processes are involved in individual differences in bistable perception and whether auditory bistability is functionally linked with visual bistability.
The present study elucidated the above issues using different forms of ambiguous stimuli. Perceptual switches in auditory streaming and verbal transformations are caused by prolonged listening to a sound sequence consisting of a triplet tone (van Noorden 1975; Bregman 1990 ) and word (Warren and Gregory 1958; Warren 1961) . Perceptual switches in visual plaids and reversible figures are produced by observing moving gratings (Wallach 1935; Adelson and Movshon 1982; Hupe´and Rubin 2003) and static figures (Long and Toppino 2004) . There is still some controversy as to whether spontaneous perceptual switching is modulated by distributed processes within the sensory cortices (Pressnitzer and Hupe´2006) or a central oscillator within the subcortical areas (Pettigrew and Miller 1998) . The present study employed 2 different approaches to clarify the relationship between auditory and visual bistability. First, we performed factor analyses of the number of the perceptual switches in the tasks and compared the fit indices of 1-factor and multifactor models. A factor analysis estimates the degree to which the variances of the observed variables can be explained by a small number of latent variables called factors. Thus, the analysis allows us to specify the underlying structure among observed and latent variables: The observed variables are modeled as linear combinations of the common factors and error terms. If perceptual switching in different modalities is governed by a single rhythm generator, the 1-factor model should provide a better fit to the data. Conversely, if different forms of bistable perception are implemented in several brain modules, the multifactor model should fit the data. However, a factor analysis provides a heuristic interpretation of the results and cannot identify the functional linkage between the factors and neural processes.
Second, we used a genotype group comparison to examine which neurotransmitter functions are associated with the factors. Previous studies have argued that the timing of perceptual switching is modulated by the autonomic nervous system via noradrenaline (Einha¨user et al. 2008) and by drugs affecting the functions of the serotonin receptors (Carter et al. 2005 (Carter et al. , 2007 Nagamine et al. 2008) . Thus, the dopamine and serotonin systems may be involved in the underlying neural processes of bistable perception. We focused on the functional polymorphisms of the catechol-O-methyltransferase (COMT) Val 158 Met and serotonin 2A receptor (HTR2A) -1438G/A genes. COMT regulates the metabolism of catecholamines, such as dopamine and noradrenaline (Lotta et al. 1995) , whereas the HTR2A gene is located in the promoter region and its activity increases cortical activation via glutamatergic excitatory postsynaptic potentials (Aghajanian and Marek 1997; Jakab and Goldman-Rakic 1998) . Performance tends to be better for methionine (Met) allele carriers than for valine (Val) allele carriers in the Wisconsin Card Sorting Test ) and the n-back task (Goldberg et al. 2003) . Although the genetic effects of COMT on perception are unclear, a recent electroencephalographic (EEG) study showed that the amplitude of the N100 component was smaller for Met/Met individuals than for Val/Met and Val/Val individuals during an auditory task, arguing that the COMT genotype is associated with the poor sensory gating of auditory stimuli (Majic et al. 2011) . The administration of psilocybin, namely an agonist of HTR1A and HTR2A, suppresses the rate of binocular rivalry (Carter et al. 2005) . These findings suggest the possibility that bistable perception is modulated by the neurotransmitter functions of the brainstem nuclei (Pettigrew and Miller 1998; Carter and Pettigrew 2003; Sheppard and Pettigrew 2006) . Thus, we hypothesize that common factors derived from bistable perception phenomena reflect the underlying processes of the dopamine and serotonin systems.
Materials and Methods

Participants
One hundred college students participated in the experiment. They were right-handed Japanese people with normal or corrected-tonormal vision and with normal hearing. None had any history of neurological or psychiatric illness. All participants gave written informed consent, which was approved by the ethics committee of NTT Communication Science Laboratories. Since 8 participants exhibited a large number of perceptual switches (n > 150), particularly in the verbal transformation task, we removed their data to maintain the normality of the distribution. As a result, we analyzed data from 92 participants (47 males and 45 females; mean age 27.3 years, range 20--34 years). We also performed analyses using data obtained from all the participants, but the results were essentially the same. The results for the 92 participants are reported below.
Stimuli and Task Procedures
All the participants performed 4 tasks, each of which had 2 conditions. The order of the conditions (five 90-s trials for each) was counterbalanced across the participants. The participants pressed a button on a keyboard to report their perceptions. Stimulus presentation and response collection were managed using the Psychophysics Toolbox running under MATLAB on a MacBook computer. In the auditory streaming task, the stimuli consisted of 225 repetitions of a triplet tone that comprised high (H) and low (L) tones with silent intervals (Fig. 1A) . The duration of each tone was 40 ms, which included rising and falling cosine ramps of 10 ms. The stimulus onset asynchrony between the L tones was 200 ms, whereas that between the H tones was 400 ms. There were 2 frequency differences (Df) between the H and L tones: H = 1069 Hz and L = 937 Hz at Df = 2 semitones; H = 1213 Hz and L = 823 Hz at Df = 6 semitones. In the verbal transformation task, the stimuli were 265 repetitions of the word ''banana'' or ''tokei,'' spoken by a female native speaker of Japanese (Fig.  1B) . The Japanese word ''tokei'' means ''clock'' in English. The duration of each word was 340 ms without gaps. The auditory stimuli were presented at 65 dB SPL diotically through headphones (HDA 200; Sennheiser, Germany) . Participants were instructed to close their eyes and listen to a sound sequence passively. They judged whether they had perceived a single coherent stream or 2 distinct streams in the auditory streams, and they indicated a perceptual switch from one verbal form to another in verbal transformations.
In the visual plaid task, the stimuli consisted of 2 rectangular-wave gratings: velocity = 1.25°/s; spatial frequency = 0.5 cycle/°; duty cycle = 0.5 (Fig. 1C) . The gratings were moving in directions (Dd) 100°and 150°apart. The stimuli were presented through a circular aperture on a gray background: viewing distance = 45 cm; visual angle = 5°. In the reversible figure task, a Necker cube and a Rubin vase were used as the stimuli (Fig. 1D) . The participants judged whether they had perceived an upward grouped or sideward split motion in visual plaids, and they indicated their visual perception (e.g., black faces or white vase) as 
SNP Genotyping
A single-nucleotide polymorphism (SNP) is a DNA sequence variation. SNPs commonly have 2 alleles, which are represented as combinations of a single nucleotide (e.g., C and C, C and T, or T and T). The form of the alleles (i.e., homozygous or heterozygous) differs among individuals, thus producing genetic variations within a population.
In this study, saliva samples were collected from all the participants and genomic DNA was extracted from the samples. G-to-A missense mutation results in Val to Met at codon 158 of the COMT gene, whereas a G/A polymorphism of the HTR2A gene is observed in the promoter region. The polymorphisms of the COMT Val 158 Met (dbSNP accession: rs4680) and HTR2A -1438G/A (rs6311) genes were genotyped. We performed DNA amplification using a GeneAmp PCR System 9700 (Applied Biosystems, Tokyo, Japan). The primer pairs for the COMT were 5#-CACCTGTGCTCACCTCTCCT-3# and 5#-GGGTTTTCAGTGAAC-GTGGT-3#; those for the HTR2A were 5#-AACCAACTTATTTCCTACCAC-3# and 5#-TAAGCTGCAAGGTAGCAACAG-3#. The reaction mixture was accommodated in a 20-lL vessel containing sample DNA, 5 lM of each primer, 2 mM of each dNTP, 103 polymerase chain reaction buffer, and AmpliTaq Gold (5 U/lL). Initial denaturation at 94°C for 3 min was followed by 30 cycles of denaturation at 94°C for 15 s, primer annealing at 60°C for 30 s, and primer extension at 68°C for 60 s. We determined polymorphisms using an Applied Biosystems 3730 DNA Analyzer with a BigDye Terminator Cycle Sequencing Kit. The HTR2A polymorphism of one participant could not be identified.
To compare the number of perceptual switches among genotype groups, we categorized the participants into 3 groups on the basis of their alleles: 18 Met/Met, 42 Val/Met, and 32 Val/Val individuals for the COMT polymorphism; 24 A/A, 46 G/A, and 21 G/G individuals for the HTR2A polymorphism. The COMT and HTR2A genotypes were distributed according to the Hardy--Weinberg equilibrium: v 2 (1) = 0.39 and 0.01, not significant (n.s.). The characteristics of the 3 groups did not differ in terms of gender and mean age: v 2 (2) = 2.26 and 1.10, n.s.; F 2,89 = 0.37 and 0.25, n.s. Thus, we minimized the potential confounding factors leading to the contribution of the genetic variations to bistable perception.
Data Analyses
We computed the durations of alternating percepts (i.e., percept durations) for each trial and then obtained the number of perceptual switches for each individual. For each task, we determined that the data (sample size, N = 92) followed a normal distribution using the Kolmogorov--Smirnov test: Z < 1.23, P > 0.10. We performed exploratory factor and confirmatory factor analyses with SPSS 11.5J and Amos 4.0J.
In the exploratory factor analysis, we computed the Kaiser--Meyer--Olkin (KMO) statistic to assess sampling adequacy. The KMO overall statistic was 0.84. A higher KMO value (0.60 or more) indicates that there is some underlying structure (i.e., common factor) in the data. A factor analysis estimates the degree to which the variability of observed variables is due to common factors. The proportion of variance of each variable that can be explained by common factors is called communality. The communalities derived from our data were less than 1, indicating that the observed variables were not highly correlated with each other. To determine the number of factors, we employed the Kaiser criterion, the 50% variance explained criterion, and a criterion based on parallel analysis. Parallel analysis, in which a factor is retained if its eigenvalue is larger than the 95th percentile of the distribution of eigenvalues derived from random data (Humphreys and Ilgen 1969) , is one of the most highly recommended methods.
Confirmatory factor analysis is similar to exploratory factor analysis. However, the former allows researchers to determine factor models a priori on the basis of theoretical considerations, whereas the latter obtains the underlying factor model a posteriori. Using confirmatory factor analysis, we compared fit indices of models with 1, 2, 3, and 4 factors. A likelihood ratio test (e.g., v 2 test) is frequently used when the fit of models is evaluated. However, the v 2 statistic measures the badness of fit of an evaluated model compared with a saturated model:
The nonsignificant v 2 statistic means a good fit. Previous studies have proposed several indices with which to evaluate the fit of models (Hu and Bentler 1998 ). The present study selected different types of fit indices: the Akaike information criterion (AIC), the standardized root mean-squared residual (SRMR), the Bollen incremental fit index (IFI), and the Bentler comparative fit index (CFI). The AIC and SRMR are absolute fit indices, whereas the IFI and CFI are relative fit and noncentrality-based indices, respectively. The AIC measures the complexity of the evaluated model in terms of the degree of freedom and penalizes more complex models. The SRMR, in the same way as the v 2 statistic, assesses the difference between predicted and observed covariances but is insensitive to small sample sizes (N < 150). The IFI and CFI quantify the extent to which the evaluated model is better than a baseline model, in which correlations between observed variables are set at zero. Finally, we performed the v 2 difference test to directly compare the fit between the models. In this test, the v 2 statistic for the evaluated model is subtracted from the v 2 statistic for a nested model with a larger degree of freedom.
For a genotype group comparison, we averaged the number of perceptual switches for the 2 conditions in each task and obtained the results of both a task-based and a condition-based comparison. As for the number of perceptual switches, we performed a one-way analysis of variance (ANOVA) and used Sidak multiple comparisons as a post hoc test (alpha level = 0.05). These results were essentially the same. For ease of interpretation, the task-based comparison is reported below.
Results
A histogram of the percept durations for each task fits a gamma distribution, which is consistent with previous findings on binocular rivalry (Levelt 1965; Fox and Herrmann 1967; Blake et al. 1971; Lehky 1995; Logothetis et al. 1996) . It is known that perceptual predominance depends on Df between H and L tones of a triplet in auditory streaming and on Dd between 2 gratings in visual plaids. The results showed that the total duration of grouped percepts was longer at Df = 2 semitones than at Df = 6 semitones; at Dd = 100°than at Dd = 150°: t 91 = 9.65 and 14.21, P < 0.001 (Table 1) . However, the number of perceptual switches varied with the conditions.
We performed a correlation analysis on the number of perceptual switches. All the correlation coefficients between the conditions were positive (range 0.11--0.75) ( Table 2) . This is consistent with a previous finding, which revealed that there is a significant correlation between the number of switches for different modality tasks: the auditory streaming and visual plaid tasks (r = 0.40) (Pressnitzer and Hupe´2006) . In addition, the present study showed that the correlations between the 2 conditions in each task were moderately high (r > 0.43). The within-task correlations were greater for the verbal transformation and reversible figure tasks than for the auditory streaming and visual plaid tasks: 0.75 and 0.69 (90% confidence 28--0.56 ). This discrepancy in the correlation coefficients of the tasks suggests that the temporal variability of the perceptual switches depends on the characteristics of the perceptual processes rather than on the modality of the sensory inputs, although the number of switches for each individual may change with the stimulus parameters.
We performed an exploratory factor analysis to identify the relationship between the 8 conditions. The results demonstrated that 3 factors, whose eigenvalues were larger than 1, were extracted from the conditions (Fig. 2) . The first factor, with an eigenvalue of 3.25 before the rotation, was heavily loaded on the reversible figure tasks (factor loadings 0.87 and 0.66), whereas the second factor, with an eigenvalue of 1.14, was loaded on the visual plaid tasks (0.81 and 0.61). Thus, it can be interpreted that the first and second factors are the ''shape'' and ''motion'' factors, respectively. The third factor had an eigenvalue of 1.07 and was loaded on the verbal transformation and auditory streaming tasks (0.32--0.71), suggesting that this is the ''auditory'' factor. The 3 factors accounted for a 63.6% variance in the number of perceptual switches in all the data. Also, the parallel analysis results indicated that a 3-factor solution fitted the data.
Using a confirmatory factor analysis, we attempted to specify that the 3 factors, namely the ''auditory,'' ''shape,'' and ''motion'' factors, were separable at the perceptual task level but correlated with each other (Fig. 3C) . For this purpose, we constructed other possible models in addition to the 3-factor model and compared the models' fit indices. A 1-factor model assumed that the ''general'' factor accounted for variances of the number of switches in all the tasks (Fig. 3A) . A 2-factor model postulated that the ''auditory'' and ''visual'' factors explained variances of the number of switches in the auditory and visual tasks, respectively (Fig. 3B) . In a 4-factor model, the ''nonspeech,'' ''speech,'' ''motion,'' and ''shape'' factors corresponded to each task (Fig. 3D) . The AIC, SRMR, IFI, and CFI values were generally better for the 3-factor model than for the other models (Table 3 ). The v 2 difference test showed a significant result in the contrast of the 1-and 3-factor models, v 2 (3) = 25.11, P < 0.01; and in the contrast of the 2-and 3-factor models, v 2 (2) = 12.39, P < 0.01. This indicates that the entry of additional factor(s) is statistically meaningful. However, the v 2 difference between the 3-and 4-factor models did not reach a significant level, v 2 (3) = 2.07, n.s. Thus, the 3-factor model is more parsimonious than the 4-factor model. Taken collectively, the results of exploratory and confirmatory factor analyses support the view that the 3-factor solution provides a better fit to the data derived from auditory streaming, verbal transformations, visual plaids, and reversible figures.
For each perceptual task, we compared the number of perceptual switches among genotype groups to examine which neurotransmitter functions were associated with the Figure 2 . **P \ 0.01, *P \ 0.05. Figure 2 . Results of exploratory factor analysis. The number of perceptual switches for each individual (N 5 92) is used as an observed variable. The factors were extracted by using the maximum likelihood method and then subjected to an oblique Promax rotation, in which it is postulated that the factors behind the observed variables are not completely independent of one another. The circles are plotted on the basis of factor loadings for each of the 8 conditions. Factors 1, 2, and 3 can be considered the ''shape,'' ''motion,'' and ''auditory'' factors, respectively. AS2 and AS6, auditory streaming at Df 5 2 and 6 semitones; VP100 and VP150, visual plaids at Dd 5 100°and 150°. Table 3 ). The squares and ellipses represent observed and latent variables, respectively. The singleheaded arrows have standardized regression coefficients that are equivalent to factor loadings, whereas the double-headed arrows indicate correlations between the latent variables. All of the coefficients are significant (P \ 0.05).
factors. An ANOVA revealed that the number of perceptual switches in the auditory streaming task was greater for the Met/Met group (mean ± standard error of mean, 77.7 ± 14.0) than for the Val/Met group (46.7 ± 4.2) and Val/Val group (44.2 ± 5.1); F 2,89 = 5.72, g 2 = 0.013, P < 0.01 (Fig. 4A ). In the verbal transformation task, the number of perceptual switches was greater for the Met/Met group (90.2 ± 14.8) than for the Val/ Met group (60.5 ± 5.7) and Val/Val group (66.2 ± 5.9); F 2,89 = 3.23, g 2 = 0.007, P < 0.05 (Fig. 4A ). In the reversible figure task, there was a marginal difference between the A/A group (62.5 ± 7.1) and G/G group (44.4 ± 4.7); F 2,88 = 2.36, g 2 = 0.004, P < 0.10 (Fig. 4B) . These results suggest that the number of perceptual switches in auditory streaming and verbal transformations is affected by the dopamine system, whereas that in reversible figures is influenced by the serotonin system. Taking the results of the factor analyses into account, we can expect the auditory and visual factors to reflect the neural processes of the dopamine and serotonin functions, respectively.
Discussion
The present results demonstrate that differences in neurotransmitter function lead to a wide range of individual variations in bistable perception. In this study, we collect switching rate data across different task types and specify the genotype/molecular causes of such variations. The number of perceptual switches is positively correlated between different forms of bistable stimuli. Furthermore, the results of factor analyses show that the 3 factors, namely the auditory, shape, and motion factors, are correlated with each other but distinguishable. The numbers of perceptual switches in auditory streaming and verbal transformations differ for different COMT genotype groups, whereas that in reversible figures differs for different HTR2A genotype groups. Our results indicate that the dopamine and serotonin systems are closely linked with auditory and shape factors. Below, we discuss the neural processes underlying the separability and commonality of bistable perception.
The results of factor analyses of the number of perceptual switches revealed that the 3 factors were extracted from the 8 conditions and were separable in terms of perceptual tasks ( Fig. 2 and Table 3 ). This is consistent with previous findings of human neuroimaging studies indicating that auditory and visual bistability involves processes in different brain areas. Auditory streaming and verbal transformations produce activity in the auditory-related areas (Gutschalk et al. 2005; Kondo and Kashino 2009 ) and frontal areas (Kondo and Kashino 2007) . Reversible figures and visual plaids lead to activity in the ventral occipital area (Kleinschmidt et al. 1998 ) and motion sensitive area hMT+ (Huk and Heeger 2001; Castelo-Branco et al. 2002) . Thus, it appears that the separable factors correspond to sensory modules in the brain. In addition, we found that the COMT and HTR2A genetic effects on the number of perceptual switches were different for the auditory and visual tasks. Let us consider here why the dopamine and serotonin systems were involved differently in auditory and visual bistability in this study.
The number of perceptual switches in the auditory tasks was different for different COMT genotype groups, but this was not the case with the visual tasks (Fig. 4A) . Dopamine is released from the brainstem nuclei and projected to the frontal and cingulate areas via the limbic areas (Cooper et al. 2003) . The level of COMT expression is higher in the frontal and temporal cortices containing the auditory areas than in the occipital cortex containing the visual areas (Hong et al. 1998) . A recent EEG study argued that the COMT genotype is closely linked with the sensory gating of auditory stimuli (Majic et al. 2011 ). Thus, the formation and selection of auditory percepts are probably more sensitive to dopamine signaling than the formation and selection of visual percepts. In addition, the enzymatic degradation of COMT containing Met is one-fourth as active as that containing Val (Lotta et al. 1995) . Thus, it is likely that a lower metabolism and a higher concentration of dopamine in synapses enhance the signal-to-noise ratio of neurons , resulting in the following order for the number of perceptual switches: the Met/Met > Val/Met > Val/Val groups. In this study, auditory streaming and verbal transformations were extracted as the same auditory factor, although the stimuli of the 2 tasks were very different. The reason may be that auditory stimuli have a temporal structure but visual stimuli usually do not. Temporal segmentation (i.e., distinctive rhythm patterns), as well as spectral grouping (i.e., 1 or 2 streams), is essential for resolving ambiguity in hearing. Thus, we believe that temporal segmentation results in the functional binding of the 2 auditory tasks.
The number of perceptual switches in reversible figures was different in different HTR2A genotype groups, but this was not the case in visual plaids (Fig. 4B) . There is the possibility that the asymmetry of the results for the 2 tasks derives from the attributes of the stimuli. The visual system has separate pathways for processing shape and motion information even in the lateral geniculate nucleus (e.g., Friston 2005) . Thus, the serotonin system may have greater effects on the perceptual formation of static objects than on that of moving objects. A few important studies have shown the close relationship between the serotonin system and visual bistability. The switching rate in binocular rivalry is decreased by the administration of psilocybin (Carter et al. 2005 ). This effect is not induced by the administration of psilocybin with ketanserin (HTR2A antagonist) (Carter et al. 2007) but is induced by the administration of tandospirone (HTR1A agonist) (Nagamine et al. 2008) . The previous findings suggest that the enhancement of HTR1A, rather than of HTR2A, suppresses the binocular rivalry rate. Thus, future studies should try to clarify the effects of serotonin neurotransmission on visual bistability.
An early study revealed genetic effects on illusory movement, which occurs when observers view shaded stripes peripherally (Fraser and Wilcox 1979) . A recent twin study revealed that additive genetic factors account for an approximately 50% variance in the binocular rivalry rate (Miller et al. 2010) . Thus, we can expect bistable perception to be more or less influenced by genetic factors. However, although the interest of researchers has concentrated on visual bistability, particularly binocular rivalry, we have demonstrated the different involvement of the dopamine and serotonin systems in relation to auditory and visual bistability. Therefore, the present finding warrants a further elaboration of the bistable perception mechanisms and contributes to an understanding of the link between neurotransmitter function and human perception.
Thus far, we have discussed the neural processes underlying auditory and visual bistability. The genotype group comparison results seem to support the idea that perceptual switching mechanisms are distributed at the cortical level (Pressnitzer and Hupe´2006; Hupe´et al. 2008) . However, a possible interpretation is that our results were induced by genetic effects on developmental processes. The middle frontal and anterior temporal cortices are sensitive to genetic influences on brain structures (Toga and Thompson 2005) . The gray matter volumes of the inferior frontal and superior temporal cortices are correlated with differences in intellectual function as quantified by g, which is also highly heritable (Thompson et al. 2001) . Thus, variations in cortical structures and functions during development may lead to genotype group differences in the switching rate between auditory and visual bistability. However, it should be noted that we found significant positive correlations between the numbers of perceptual switches even under different modality conditions (Table 2 ). This suggests that some common factor mediates different forms of bistable perception. Thus, it is difficult to explain this commonality solely in terms of genetic effects on cortical structures and functions.
There is the possibility that the commonality of auditory and visual bistability is derived from the subcortical function because dopamine and serotonin are released from brainstem nuclei, such as the ventral tegmental area and dorsal raphe. This idea is consistent with a central oscillator hypothesis in which biological rhythms generated by the brainstem modulate the temporal dynamics of perceptual switches (Pettigrew and Miller 1998; Carter and Pettigrew 2003; Sheppard and Pettigrew 2006) . Intriguingly, this hypothesis postulates that multiple oscillators drive interhemispheric synchronous neural processing. In light of our results, we can expect separate oscillators to produce rhythms for the perceptual switching of auditory and visual bistability and to be connected with each other at the brainstem level. Several researchers have also pointed out that the brainstem nuclei play an important role in switching timing regardless of auditory and visual modalities. A recent study has revealed that pupil size increases before perceptual switches in different ambiguous stimuli, suggesting that the autonomic nervous system affects bistable perception because pupil dilation is regulated by noradrenaline from the locus coeruleus (Einha¨user et al. 2008) . That study argues that pupil dilation is an important predictor of percept duration, but the major component of pupil dilation may be induced by the button press used to indicate perceptual switches (Hupe´et al. 2009 ). Thus, showing that the exact role of the brainstem nuclei as regards the commonality requires further study.
We can also consider top-down modulation as a candidate for the commonality that influences the individual variability of perceptual switches. It has been pointed out that endogenous attention plays a general role in switching from one percept to another and in maintaining perceptual stability (Leopold and Logothetis 1999) . Attentional effects on bistable perception have been investigated in auditory science (Carlyon et al. 2001; Cusack 2005; Snyder et al. 2006 ) and visual science (Suzuki and Peterson 2000; Meng and Tong 2004; van Ee et al. 2005 ). In addition, brain stimulation of attention-related areas changes the predominance time of one possible image during binocular rivalry and reversible figures (Miller et al. 2000; Ngo et al. 2007) . However, psychophysical studies have demonstrated that attentional effects on the number of perceptual switches are weaker for binocular rivalry than for the Necker cube (Meng and Tong 2004) and that the degree of volitional control that biases perceptual dominance is different for auditory streaming and visual plaids in each individual (Pressnitzer and Hupe´2006) . Thus, although endogenous attention seems to influence the temporal dynamics of bistable perception, its effects may vary with different stimuli and modalities across individuals.
The present study includes some limitations. We selected 2 candidate genes, but the HTR2A genotype was only sensitive to individual variations in the number of perceptual switches in reversible figures. We also genotyped a variant of the serotonin transporter linked polymorphic region (5-HTTLPR) (see Koizumi et al. 2010 ). The 5-HTTLPR is a variable repeat sequence (i.e., short and long alleles) in the promoter region of the gene and its variations affect emotional traits (Hariri and Holmes 2006) . We found a trend showing that the number of perceptual switches was greater for short-allele carriers regardless of the bistable perception phenomena used in this study, although we did not report the results due to the small sample size of long/long individuals. This may indicate that there is a single gene influencing bistable perception in general. Thus, it is important to look for other genes related to individual differences in bistable perception as well as replicate the candidate gene analyses.
In contrast to previous studies investigating the characteristics of a specific bistable stimulus, the present study obtained large-scale sample data using different forms of auditory and visual bistable perception. Compared with the effects of genetic variations on higher-level cognition, little attention has been paid to the effects of genetic variations on lower-level perception. We have demonstrated that separable but correlated factors can be extracted from the perceptual switch data and closely linked with COMT and HTR2A genetic variations. The results suggest that individual differences in perceptual switching are induced by the functions of the dopamine and serotonin systems and that the formation and selection of percepts involve neural processes in cortical and subcortical areas.
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